We present the results of our approach for treating 12 consecutive cases of acute middle cerebral artery (MCA) stroke by performing balloon-expandable stent (BES) placement after immediate reocclusion due to the underlying stenosis after intra-arterial thrombolysis (IAT).
Introduction
With an aging population, stroke has become one of the major causes of death and permanent disability in industrialized countries. The most recognized stroke syndromes occur in the middle cerebral artery (MCA) region. In addition to extracranial embolic sources, intracranial atherosclerotic stenosis is considered to be the leading cause of ischemic stroke especially in those of African descent, Asians and hispanics 1, 2 . In the united States, intracranial stenosis causes 8% to 10% of all ischemic strokes and the risk of recurrent stroke in these patients may be as high as 15% per year [3] [4] [5] .
The Wafarin-Aspirin Symptomatic Intracranial disease (WASId) trial has shown that the overall incidence of stroke due to symptomatic intracranial stenosis is as high as 20% in the first year after the qualifying event, despite standard medical therapy with anti-platelet agents or oral anticoagulants 6 . Also, in the case of acute ischemic stroke due to underlying severe atherosclerosis, some studies have reported that immediate reocclusion of the recanalized arteries during performance of intra-arte-risk of bleeding (i.e., infarction volume more than one-third of the affected vascular territory), or revealed severe brain edema, intracranial hemorrhage or uncontrolled hypertension. Finally, 12 patients were included in this study. These 12 consecutive patients (average age: 58.3 years, age range: 37-77 years) with acute obstruction of the MCA underwent cerebral revascularization with a combination of a balloon-expandable stent (bES) placement because of immediate reocclusion after IAT.
All patients were examined with CT imaging for evidence of hemorrhage or evidence of early cerebral infarction greater than one third of the distribution of the affected branch. of these patients, 11 patients were examined with MR imaging, including diffusion-weighted imaging and MR angiography. Perfusion-weighted imaging was not available for one patient at the time of ictus. All 11 patients underwent MR examination that showed diffusion anomaly, a diffusion-perfusion mismatch and MR angiography findings of MCA occlusion.
Two patients who met the standard national Institute of neurological disorders and Stroke (nIndS) criteria for receiving intravenous (IV) recombinant tissue plasminogen activator (rtPA) were treated with 0.9 mg/kg of IV rtPA (Actylase, boeringer Ingelheim, Germany). Intra-arterial (IA) therapy was performed because there was no neurologic improvement within 1 hour of IV rtPA. All IA therapy was performed by one interventional neuroradiologist. Cerebral angiography was performed via a femoral approach. The beginning of IA therapy was defined as the needle puncture of the common femoral artery. After arterial puncture and insertion of a 7F guiding sheath (Super Arrow Flex; Arrow international, Reading, PA, uSA) and 7F guiding catheter (Guider Softip; boston Scientific, natick, MA, uSA), systemic anticoagulation was maintained with a 3000-u bolus of intravenous heparin followed by 1000 u/h of intravenous heparin. After angiographic evidence of an acute MCA occlusion responsible for the presenting neurologic symptoms was confirmed, the patient underwent IAT with urokinase infusion and mechanical clot disruption with a microcatheter and a microguide wire. An end-hole microcatheter (Microferet; Cook, bjaeverskov, denmark) over a microguide wire (Synchro-14, boston Scientific, natick, MA, uSA) was advanced through the7F guiding catheter into the MCA occlusion site. We thought that the underlying stenosis of MCA rial thrombolysis (IAT) for acute ischemic stroke was commonly seen or relatively frequently seen, and this was associated with a high grade residual stenosis of the initially perfused arteries 7, 8 .
Intracranial angioplasty and stenting are evolving as possible treatment options for highrisk patients with symptomatic atherosclerosis. Several studies have reported the feasibility of performing intracranial angioplasty and stent placement for high degree intracranial stenosis [9] [10] [11] [12] . Also, a limited number of studies showed that intracranial stenting after failed IAT was effective in acute stroke patients 13, 14 . however, to the best of our knowledge, there have been no adequate studies on the specific concerns of reoccluded vessels after successful IAT. Stenting could be a possible treatment option for these cases. Therefore, we evaluated in a retrospective study whether stent placement is a safe salvage therapy if a previously opened MCA in patients with acute stroke was quickly reoccluded due to an underlying stenosis.
Materials and Methods
between May 2008 and March 2010, all patients with acute ischemic stroke due to obstruction of the MCA and who were referred to our institution for IAT were entered into this study. The institutional review board approved this study and informed written consent was waived. of these patients, 61 patients with acute obstruction of the MCA were treated with either IAT (47 patients) or combined IV/IA (14 patients) thrombolysis. of these patients, 48 patients (80.2%) underwent initial recanalization after the IAT (TICI grade II or III). on admission, the national Institutes of health Stroke Scale (nIhSS) score was assessed by a stroke neurologist. Either cerebral CT or MR was obtained in all patients before initiation of IA therapy. The inclusion criteria of this study were the following: 1) MCA stroke symptoms with an onset within 6 hours before treatment, 2) CT or MR exclusion of hemorrhage, 3) CT signs of ischemia that affected less than onethird of the MCA territory, and 4) patients with successful initial opening with visualization of acute plaque and subsequent reocclusion of the MCA by intra-arterial digital subtraction angiography (dSA); this was treated by deployment of a bES due to immediate reocclusion after IAT. We excluded patients who were at sized. The angiograms of these patients revealed a decreased MCA flow during the waiting period after percutaneous angioplasty. The bES stent (Flexmater; Abbott, Abbott Park, Michigan, uSA) was sized to simulate the diameter of the normal patent vessel. The stent length was selected to be equal to or exceed the length of the target lesion (2.0-2.5 mm diameter, 9-12 mm length). The proximal one third to one half of the stent was positioned at the point of occlusion. As indicated, postdilation of the stent was performed with a balloon sized to 80% of the predicted vessel diameter. delayed angiographic runs were performed to grade the postprocedural TICI and to rule out thrombosis, spasm or dissection. Patients received a maintenance dose of either aspirin (100 mg daily) or clopidogrel (75 mg daily) the day after the procedure.
Pretreatment and posttreatment angiograms were evaluated by the same interventional neuroradiologist. The recanalization status was classified according to the Thrombolysis in Cerebral Ischemia (TICI) scale (grade 0: no perfusion, grade I: penetration but not perfusion, grade IIa: partial perfusion with incomplete distal filling of <50% of the expected territory, grade IIb: partial perfusion with incomplete distal filling of 50%-99% of the expected territory, grade III: near complete perfusion but with delay in contrast runoff, grade IV: full perfusion with normal filling of distal branches in a normal hemodynamic fashion) 15 . Recanalization was defined as TICI grades of II or III.
Age, gender, the nIhSS on admission, time from symptoms to IA therapy, the duration of the procedure, urokinase dose, recanalization, symtomatic intracranial hemorrhage, the nIhSS at discharge and outcomes were recorded and analyzed. Clinical evaluation was done by stroke neurologists who were not blinded to the treatment. A brain CT scan was routinely obtained immediately after the procedure. Also, brain CT and MRI was performed if the patients showed neurologic deterioration during admission. The CT scans were analyzed for hemorrhagic transformation by the same interventional neuroradiologist. Follow-up MRI was performed three months after the procedure. Any new infarct in the ipsilateral area was recorded. Clinical outcomes were assessed by a modified Rankin Scale (mRS) at three months and they were dichotomized as favorable (mRS: 0-2) or unfavorable (mRS: 3-6).
was because of resistance into the MCA during passage of the microcatheter. The microcatheter tip was placed into the thrombus, and then a 100,000 u bolus of urokinase (Green Cross, Yongin, Korea) diluted in 10 ml of saline and contrast medium was manually infused for three to five minutes. Mechanical clot disruption with a microcatheter and a microguided wire was undertaken immediately after 100,000 u of urokinase was administered. Mechanical clot disruption consisted of multiple passes of the microguide wire through the clot after the tip was manually shaped into a complete Jcurve that approximated the diameter of the vessel. during this process, the microcatheter was often advanced multiple times over the microguide wire as well. After mechanical clot disruption, 100,000 u bolus of urokinase diluted in 10 ml of saline and contrast medium was manually infused for three to five minutes at the site of the remaining thrombus. The urokinase infusion was stopped immediately if angiograms showed complete recanalization.
The angiograms of all patients after urokinase infusion and mechanical clot disruption showed the continuous antegrade flow and severe stenosis of the MCA. We waited five to ten minutes to confirm whether reobstruction of the MCA occurred. All patients showed a decreased MCA flow and/or reobstruction and then received a bolus dose of abciximab (0.25 mg/kg) through the microcatheter because of the possibility of acute platelet aggregation. Also, we waited five to ten minutes, but the MCA flow did not restore after injection of abciximab. Therefore, we thought that these patients had an underlying stenosis of the MCA combined with thrombus of the distal portion of the MCA because of resistance into the MCA during passage of the microcatheter and no restoration after injection of abciximab. We then placed an intracranial stent at the stenosis to restore MCA flow. before stenting, clopidogrel (300 mg) was orally administered through an orally-placed gastric tube to prevent acute stent thrombosis (these patients were not pretreated with adequate antiplatelet medications). For intracranial stenting, an exchange microguide wire (Transend 300 ES Floppy; boston Scientific, natick, MA, uSA) was used to exchange the microcatheter. Five patients underwent percutaneous angioplasty for the treatment of MCA stenosis. The balloon diameter was generally 1.25 or 1.5 mm and it was purposely under- tients. TICI grade III occurred in 11 patients (91.7%) and TICI grade IIb occurred in one patient (8.3%; Figure 1 ). no procedure-related complications such as vessel rupture or dissection were observed. no acute hemorrhage (either intraparenchymal or subarachnoid) was seen on the postprocedural CT scan obtained within 24 hours of the procedure. one patient had a hemorrhagic transformation in the core area of the infarction seen on MR scan within 72 hours of the procedure. Two in-hospital deaths (16.7%) occurred: one with hemorrhagic transformation due to progression of stroke and withdrawal of care at the family's request and one secondary to respiratory failure due to aspiration pneumonia. Two patients underwent early reobstruction due to in-stent reocclusion within 48 hours of the procedure. These patients were heavy smokers. These patients underwent IA therapy including urokinase infusion, mechanical clot disruption with a microcatheter and microguide wire, and angioplasty, but they did not achieve recanalization of the MCA. of these patients, one patient had bypass surgery performed due to poor collateral flow, and one was treated with conservative treatment due to good collateral flow.
At discharge (10/12), the median nIhSS score was 2.4 (range: 0-5). The nIhSS scores of all patients were improved. For the neurologic
Results
The clinical characteristics of the 12 patients are summarized in Table 1 . The mean age of the 12 patients (nine men and three women) was 59.4 years (range, 37-77 years). The median nIhSS score was 8.6 (range, 4-18; Sd 3.6) on admission. The median time between the onset of neurologic symptoms (defined as the time preceding which the patient was in his or her usual state of health) and endovascular intervention was 236 minutes (90 to 350 min), and the median duration of IA therapy was 62 minutes (range: 50-75 min). Ten angiographic occlusion sites were located in the MCA and there were two combined lesions of the distal internal carotid artery and MCA.
All patients underwent IA thrombolysis with urokinase and mechanical clot disruption with a microcatheter and microguide wire. The dose of urokinase was 100,000-200,000 u (median: 141,000 u). After IA thrombolysis and mechanical clot disruption, the angiograms showed the underlying stenosis of MCA at the occlusion site in all patients. Percutaneous angioplasty was performed in five out of 12 patients. These patients had reobstruction of the MCA after ten to 20 minutes.
Technical success of intracranial stenting was achieved in all patients. Recanalization (TICI grade II or III) was also observed in all pa-
improvement, seven of ten patients achieved a ≥4-point reduction of their admission score; three patients achieved a three-point reduction.
At the three-month follow-up, the functional outcome was excellent (mRS, 0 or 1) in six (60%) of the ten patients, good (mRS, 2) in one patient and poor (mRS, 3-5) in two patients. no new infarctions were found with follow-up MRIs.
A follow-up study at six months for restenosis was completed in eight patients. Angiographic follow-up in six patients revealed a mean 31 ± 0.23% stenosis. no definite restenosis (>50%) was seen on with CT angiography and doppler studies, indicating that there was no restenosis in our study patients (0/8).
Discussion
Some studies have reported that immediate reocclusion of recanalized arteries during IAT for acute ischemic stroke was commonly or relatively frequently seen, and this was associated with a high grade residual stenosis of the initially perfused arteries 7, 8 . Qureshi et al. 7 showed that early reocclusion occurred in eight of 46 patients (17%) with initial recanalization after IAT and a mechanical maneuver. Reocclusion after IAT was associated with poor clinical outcomes. heo et al. 8 reported that early reocclu- Intracranial stent placement for recanalization in the setting of acute stroke after failed chemical and/or mechanical IAT has been performed in a limited number of patients 13, 14 .
These previous studies showed that intracranial stenting is associated with a high rate of recanalization and a low rate of intracranial hemorrhage. Siddiq et al. 24 reported that stent treatment for intracranial atherosclerosis had a lower rate of significant postoperative residual stenosis as compared with that of primary angioplasty alone. our retrospective study shows that bES deployment is safe and effective in patients with immediate reocclusion of the MCA after IAT due to high-grade residual stensosis. no technical failure was encountered in our study. The recanalization (TICI grade II or III) rate after intracranial stent placement in our study was 100%. Suh et al. 25 reported that the procedural success rate of intracranial stenting for severe symptomatic intracranial stenosis was 99%.
Suh et al. 25 reported that the adverse event rate after intracranial stenting of severe symptomatic intracranial stenosis was much lower in the stable patient group (4.1%) compared with that of the unstable patient group (25.9%). The risk of acute stent thrombosis without appropriate antiplatelet therapy has been well documented in the cardiac literature 26, 27 . nahab et al. 28 reported that major complications after intracranial stenting were associated with stenting soon after a qualifying event (<10 days) and stroke was the qualifying event. because of the emergency nature of this procedure in acute stroke patients, a loading dose of aspirin (100 mg orally) and clopidogrel (300 mg orally) at least three hours before the procedure, and a statin (80 mg of atorvastatin) at a mean of 12 hours before the procedure may improve clinical outcome by improving endothelial function. These drugs have vasodilatory effects, direct antithrombotic effects and anti-inflammatory actions. An adjunctive platelet glycoprotein IIb/IIIa receptor inhibitor such as tirofiban or abciximab may be used as rescue management for the case of procedure-related thrombosis. In our study, we used a loading dose of clopidogrel (300 mg orally) immediately before the procedure. no patients had procedure-related thrombosis immediately after intracranial stenting. Patients received a maintenance dose of either aspirin (100 mg daily) or clopidogrel (75 mg daily) the day following the procedure. Two patients in our study showed early reob-sion occurred in four of 18 patients (22%) with initial revascularization after IAT or combined IV/IA therapy. This reocclusion occurred in those patients with high-grade residual stenosis of the initially perfused arteries and administration of abciximab achieved effective clot lysis. In our study, reocclusion occurred in 12 of 48 patients (25%). Those patients with early reocclusion after IAT had underlying atherosclerotic stenosis of the MCA.
Mechanical device trials have recently been initiated in the hope of addressing these concerns. Mechanical maneuvers described in the literature have included clot maceration with a microcatheter or microguide wire 16 as well as the use of a thrombectomy device [17] [18] [19] , stent 20 or balloon angioplasty 21 . Yoon et al. 16 reported that techniques using low-dose intra-arterial urokinase and aggressive mechanical clot disruption have markedly improved the recanalization rates. however, angioplasty or/and placement of an intracranial stent must be performed, as in our cases, for the treatment of patients with severe atherosclerotic stenosis and immediate reocclusion after IAT.
Percutaneous angioplasty alone and stent placement for symptomatic intracranial stenosis after use of a microballoon catheter is intended for cerebrovascular use in patients who are refractory to medical management and this also increased the technical success rate; this also increased the interest in these therapeutic options. Connors et al. 9 reported a 16% incidence of significant postoperative residual stenosis after 50 angioplasty procedures. Marks et al. 22 reported a much higher rate of significant postoperative residual stenosis in an intracranial angioplasty series (18/36 cases, 50%). In contrast, Yoon et al. 23 reported a low recurrence rate of ischemic symptoms during longterm follow-up and a low rate of periprocedural complications after intracranial angioplasty in patients with symptomatic MCA stenosis. We thought that these results occurred because of variable causes such as the size of the intracranial balloon, pressure and duration of balloon inflation or the patient's condition. In the present study, we performed intracranial angioplasty for the treatment of reocclusion after IAT, but no patients showed a recanalization of MCA. We thought the low rate of recanalization after intracranial angioplasty was due to small size of the balloon catheter, the low pressure of balloon inflation or a hemodynamically unstable condition.
were the only option for intracranial stenting, a "staged approach" was shown to reduce periprocedural stroke risk 32 . It was suggested that intimal fibrosis and vascular remodeling fostered in the interim period might reduce the "snow plowing effect" in subsequent stenting. however, in our study, all patients had MCA occlusion at admission and no new aggravation of perforator infarction was found in follow-up MRI scans. We thought that this result appeared because all patients had the initial infarction of basal ganglia due to MCA occlusion at admission.
The limitations of our study included the lack of central adjudication of the events and cerebral angiograms as well as the lack of a prospective follow-up of the study patients. Further, our results have to be interpreted with caution because of the retrospective nature of the study, the inhomogeneous and small patient cohort and the different therapies used in addition to the placement of an intracranial stent. Finally, we did not obtain data on the patients treated with stents other than coronary stents. These questions are all important to consider in future studies.
Conclusions
our study showed that bES deployment is safe and effective in patients with immediate reocclusion due to underlying atherosclerotic stenosis after successful IAT. A high rate of recanalization, a low rate of symptomatic hemorrhage and excellent functional outcomes can be achieved in this setting using bES. struction due to plaque aggression or acute thrombus within 48 hours of the procedure, and they failed to achieve recanalization although injection of abciximab was given and additional angioplasty was performed. Therefore, additional randomized controlled studies will be required for more effective management of emergency patients.
Concerning the choice between using a bES or a self-expandable stent (SES), advocates of SES claim that the balloon-mounted stents developed for cardiology are less flexible than the self-expandable stent, and therefore the bES technique was developed to decrease procedural risks as compared with the use of the relatively flexible SES 29 . Yue et al. 30 reported that the frequency of restenosis after intracranial stenting in patients with symptomatic stenosis of the MCA was higher in the SES group than the bES group, but there were no differences in clinical outcomes. In our institution, SES could not be used due to the policies of Korean public health insurance. but none of our cases showed procedure-related complications within 24 hours, including arterial dissection, vessel perforation and acute stent thrombosis. only one patient had hemorrhagic transformation in the core area of the infarction seen on an MR scan within 72 hours of the procedure. In this study, restenosis did not appear during the follow-up period.
one major concern of intracranial stenting is perforator occlusion from the "snow plowing" effect (i.e., forceful displacement of an atheroma in the perforator ostia) attributed to high deployment pressure of the bES 31, 32 . When bES
